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TO THE COMMISSIONER OF PATENTS AND TRADEMARKS: 

BE IT KNOWN, that We, H. Kim Bottomlv. Howard B. Sosin and Michael J. Caplan 
have invented certain new and useful improvements in System for Controlling Immune 
System Response to Antigen of which the following is a specification: 
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SYSTEM FOR CONTROLLING IMMUNE SYSTEM RESPONSE TO ANTIGEN 

Background of the Invention 

to general, an adaptive immune system response to an antigen is thonght to have two 
components: a "cell-mediated" response, carried on, by T-cells, and "Immoral" response, 
mediated by antibodies mat are produced by B cel., The combination of these two responses 
allows the detection and elimination borh of extracellular antigens, which are often recognized 
by antibodies, and of antigens that are found inside cells. 

B and T cells have distinct receptors specialized for the recognition of antigens. The B 
cell receptor is an immunoglobulin molecule mat is positioned on the B cel. surface and 
recognizes a particular exposed antigen epitope. When tins receptor binds an antigen, the B cell 
becomes activated to multiply and to secrete a soluble version of the receptor immunoglobulin. 
TbJs soluble molecule will bind and dear tire antigen. The T cell receptor also recognizes a 
particular antigen epitope, but only if it is presented as a processed form of me antigen, displayed 
in tire context of a major histocompatibility (MHQ molecule on the surface of an antigen 
presenting cell (APC). Any cell ma, captures and processes antigen so mat antigen fragments 
are displayed in an MHC molecule on its surface can act as an APC. 

The relationship between humoral and cell-mediated responses is complex. Initially, all 
B ceUs express a class of antibody known as "IgM". In fact, the B cell receptor itself is an IgM 
antibody. However, when the B cel. encounters a helper T cell (described below) that has been 
activated by me same antigen, a "class switch" may be induced in the B cel., so that the B cell 
begins to secrere a different class of antibody. The type of helper T cell that the B cell 
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encounters determines the Cass of antibody that the B cell is induced to express. Because 
antibodies of different classes have different activities, tire preset of antigen-activated he.per T 
colls (i.e., of a ce..-media,ed response) in the vicinity of activated B oeUs can al.er the nature of 
.he humoral response .o tire antigen. T colls present during a B cell response can a!so affec, tire 
m aturation of that response. Tbat is, when a B ceU is stimulated to divide as a result of its 
activation by antigen and he.per T cells, certain structural rearrangements and sequence 
anemtions^inmeportionsof^^ 

changes, progeny of the original B ce.l may express immunoglobulins no. only of a diffeton. 
Cass from that expressed by the parent cell, bn. Cso of varieti affinity for tire antigen. Re- 
exposure of such progeny B oeUs .o antigen resuhs in tire selective ampliation of B colls tit, 
produce high-affinity antibodies to the antigen. 

ntitiation of a ce.l-media.ed response is somewha. more complex. There are differen. 
Casses of T cells. In particular, T cells am divided into rwo major subset based both on 
„ specificity and on coll surface markers. "CD4" T ceUs am so named because titey 
express CD4 glycoproteins on their surfaces; titey also recognize peptide antigen flagmen* 
presented in me context of class n MHC molecules. "CDS" T oe.ls express CDS glycoproteins 
„„ .heir surfaces and recognize peptide antigens present in me context of class 1 MHC 
n.o.ecules. In genera., tire two Casses of MHC mo.ecu.es differ in me sources of peptide antigen 
«ha. *ey display. Cass I MHC molecu.es present antigen fragment generated by cy.oso.ic 
degradation of antigen; Cass n MHC mo.ecu.es proson. fragments generated by degradation of 
antigen in mflace.,u.ar vesio.es. Most colls express MHC Cass I mo.ecu.es on fheir surfaces, but 
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only specialized cells, including dendritic ceils, Macrophages, and B ceils, express bo* MHC 

„ofanaiveCD4-orCDS< XP ressin g Tce...oaprese».ed antigen isrequn.d for 

.sodeHveredbypAPC Thus, pAPCs are required for T cell activation. Moreover, activation 
ofnaiveCDSTceasn.av^^epresenceofCmTcells^haveaneadybeenacrivared 

against ore same antigen in order to provide certain required co-srimulat„ry signal, Once a T 

present an appropriate T cel. receptor ligand; pAPCs are not necessarily requited. 

A» activated T ceil synthesizes certain "effector" molecules and is referred ,o as an 
effector ce... There are two genera, carries ofeffectorT cells, defined on *e basis of *e 

<• A to as "killer" or "cytolytic" T cells (CTL) because of their ability to kill 
CD8 T cells are referred to as killer or cyiuiju 

^.^^^^^^^^^^ 
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• * a k.wr rells Droduce different arrays of 
cytokine receptors. Different subtypes of acuvated helper cells pr 

cvtokines and therefore have different effects on targe, cells. 

cytokines, an an dTh2 A particular naive 

Tte. are two main categories of he.per cel. subtypes: Th. and Th2. 

isubtype.fse.e.i.de^^chcv.-^^---- -~ 
^during—on. b P^ar, a Tn, response is selectively induced when activated^ 

„ f - ,2 IFN« and/or IFNy; a Th2 response is induced 
.ells encounter antigen in die presence of IL-12, IFNa, 

^nactivatedTcellsencounteranrigenmutepresanceof^. 

■n.1 Th2 effector cell, its subsequent 
Once a CD4 T call has been activated as a Thl or Th2 ette 

...ssecrete^a.dn.Sbutnot^norWP.Theres.tofddsdi— cyto^e 

■ ■ an.vlaC IgA andlgEandbodies. A Thl response is reared for th. 
u cells secreting primarily lgu,ig/^«" u 

anergic or asthmatic reactions, including anaphylaxis. 

., • uv.„™ That is when a particular antigen is 
Th, and Th2 responses may be mutually udubnory. That ,s, wh 
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always be mounted for that antigen. 

against invading pathogens. However, immune reactions can also cause devastating damage if 
^ropriarC^atedorm— diseases, for e.mpie, represen 

^emancinstancesmwmc^mdivid^ — — 
response against a self antigen. 

Li-—.—- — — —™— — ~* 

■ „ rei ficB cells and also secrete IW, which favors IgE 
Th2-type helper T cells activate antigen-specific B cells an 

— — and 

^w.chhecnme^ed.oneanomer— meirm^onwr^. 
^onandmere.eaaeofmedia.^.e.toimmedia.e 
1 result in severe anaphylaxis and even death. 

o-^.-*-.-----*--- ,,, * ,,, -"*'~ 
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, ^en result in Mediate mas. cell-mediated reactions, without 
time. Subsequent exposures to antigen result in 

.^menro.upstream — .stem even. ,, Ration an,or —on o f 

particular antigen, .^^.ogy mat wUlreduee tire danger ma, ean be 

There is a need for the development of technology m 

^ ra reactions particularly autoimmune and/or allergic or asmmatic 
associated with immune system reactions, part 



reactions. 



Summary of the Invention 



the recognition that significant control over immune 



The present invention encompasses 

eaudeslraHybeacmevedmreughregmationofmecontextinwhichananUgen 

systcmreactionscndes^bly ^ desmeU ^ and reagents for achieving 

i<; presented to the immune system. Theinvenuo v 

8 • -^ividuals who suffer from or are 

approachesforminimi.ed^lresponsestoautoanngensmmd.v.duafsw 

ft susceptible to autoimmune diseases. 

.oneaspe.mepresentlnventionprevidesamethodofmodmatingan— system 
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aW ayfromaThl orTOrespo^toapredetenninedmanner. 

.^aspec^einveaUo ..^d..— — — — — 

predetermined set of cytokines is expressed. 

^cem^aa^^^P^^-^^^^ . 



inhibited 



) 
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antigen. 



such as for example, a composition 
^einventionfurtherprovidescomposmonssuchas, 

a «t at least one factor selected fromthe group consistmgof 

anantigenandexpressmgapredetermm 

•- fTW stimulating cytokines and TH2 stimulating cytokmes, and (n) 
consistmg of Thl stimulating , ^ The invention also 

• of cytokines and inducing agents. Theinven 
, ♦ a the eroup consisting ot cyioKincs 
factor selected from the group encoding at 

™ * aene encoding an antigen; and (n) a gene 
provides a composition comprising (i) a gene 

P • + of cytokines and inducing agents, 

factor selected from the group consisting of cytokin 



least one 



Definitions 

refers to an individual with senstt.vtt.es to 
•■AUetgic individual": «Allerg.c ntdrndual refers to 

■ .o^.etgensasexnibitedbyd.eptoduetionofl^snfiieien.tocausea 

^^edantase. Scores of a^tnay 
^en.ca^a^Unntnneresponseand/0 ^ 

con ,s,ofe X a gg eta,edo I pa«a 1 reacUon(e,,snee,n g ,resp ff a. 

, riwsical states that are without comparable eflect o 
ski n rashes) to substances, situafons ot physreal sta 
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for the purposes of the presen 

Uta«r is an antigen that (f) elicits an I* response m an urorv, 
defined: an allergen is an an » ^-testable IgE response). 

"Antigen presenting cell ■ anAr^» j 

JL.--.-•--••*-- , ■'" h ■ - - ,,,--, "" 

— , .^ional-APCCpAPOisanAPCfitatdisplays 

— — - MH Cm °^ (U ^orprindnganaiveXeefiXand/or^ 
an dinifiafingaprim W h m nunerespo» S e0.e.,aeUva 

^^^ienr.oindne.^nne^-co^Tee,,. 

— - ir— ------ 

"Asthmatic individual . reiersiuau 

• wctenzedbyeosmophilia,^^^ 
(eg chronic airway inflammation characterized by 

• i. irffln of a particular substance or antigen. Asthmatic 
and excess mucus production) upon inhalation of a partic 

andexcessmu Ho not necessarily exhibit a detectable production 

individuals, in contrast to allergic individuals, do not necessan 



5 oflgE. 



20 



a primary and/or secondary T cell response. 
Cytokm^ 

^atemeactivityo^ 
andcanalterthebehaviororregulatetheactivity 

• for the cvtokine. Cytokines that, if expressed by a pAPC 
cells expressing a receptor for the cytokine. that T cell can be 

, , ntoaTcellwouldinduceaparticularresponsemthatTcellcanb 

duri ng pr esentationofantigentoaTcell, For exam ple, cytokines 
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/ „ tjtnjv TNFB etc.) are referred to as lbl 

"Immature dendritic ceub . oi 

dendntic cells. Utesemc r( ,, ls Aat can be differentiated into 

aendHucc.il, Fo^epurposesofdtepresentinvent.on.anycel.sOta.can 

, r>\/i r«iF TL-4 IL-3, and/or lNr; 

r.o hv exnosure to cytokines such as GM-CSt,u^S 
dendritic cells wvifro(e.g., by exposure iu j 

-loldandl^oid^^e^ 

f th*. nresent invention even though their 
, immature dendritic cells for the purposes of the present m 

differentiation into mature dendntic cells may req 

cells (e.g., via CD40/CD40 ligand). 
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te , ^co.npoundso.ctoagen^.MuceapAPCoproduce 

^nctngagents - ^CsecefeTh, gating 

^cytokines. oligonucleotiescontaini n 8 CpG 

i i pc CD40, CD40 ligand, BCOs, ongui 
cytokines, then factors such as LPS, CD of ourel «, b*«- 

moti fs Wa.and.nicrohialexttactssuchasprepaxanonsofS.^ 

A PC secrete Th2 stimulating cytokines, then other factors (e.g., 

. . tt _Afvnression or inhibit lL-i-iexpicaa , 
factors that induce IL-4 expression 



inducing gents")- 



"Isolated": means separated from at least o 
enti.yorcompoundisassociatedin.ture. 

.•MamredendriticceUs": as mat term rs used herem, are 

• M>Cs for T cell activation hut that are no ionger capab.e of efficenuy 

^inamte.suchccUsategeneratedwhenstimu.atedimmanrre 
capturing and processing antigen, to 
^cceusmi^einto.e.y.phoidorgans. 

*. mechanism by «hich matirre dendritic cans axe generated ,s not re.evan 
hoW cver,themechan,sm y ^ expos0I c of immarure dendritic 

cellsma y.produced in v iW ormv,^e^mp ^ 

ce„s to one or more cytokines such as TOF«, GM-CSF, 

.^..r^an.vepeptides.uen-notheenm^hy — 



10 

technology 
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the peptides as herein described. 

„»• re fers to the initial activation of immune system 
"Primary immune response . refers tne 

*• fnr the first time. Immune system cells that 

have undergone a primary response <n 

^••primed-tothatantigen. fa ^ 

-Recombinanttechno.ogy": as tna, term* used herem, refers to 

KSearcher ' soonse- refers* a second or subsist—, of primed 

"Secondary immune response . reiersxo 

cells by re-exposure to antigen. 

^^e^vedo,, — — ——— — 

Idise^andiKcompHcarions. A— effective fottbis - - depend on, 

... cell etc) me manner of administranon^e 
„ egte na«u I eoftecomposi.ion(e.g.,pep«.de,ceU,e«c.),*e 

Z-s.eri.of.e^^^-^-----^^ 6 
patient and the judgement „f the prescribing physician. 
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^ present invention encompasses the recognition that immune 

r:— — — rr:r^« 

u-in^r T cell response away from either me i 
techniques and reagents for btasmg a helper T cell re p 

WiUmmea.wil.appreciatematmedirectioninwhichmeTh.vs 
^seofordinarysWlmmeanw, ^ ^ ^ 

choice is t0 be mfluenced will depend upon the partrcular pp 
Th2 response choice is to Preferab ly, me inventive techniques and 

. r,™„ues and reagents are being employed. Preferably, 
tevennvetechmquesaitdre i „ as described more fully below, 

reagen.areappliedtoa.lergicoraumimmuned.sorders.asdes ^ 

v« in the art will further appreciate that the inventive 

immune system response. Preferably, 
the subject is human. 



Lnnrr n f ri a te imtnungjgjponsgi 

Autoimmune diseases the production of antibodies 

autoimmune reactions cause tissue damag 



reported to afflict 50 million Americans. 
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fnn, results when the immune system inappropriately 
Damage from autoimmune reactions results wh 

• ^aresponseagainstaselfantigen. Certain autoimmune disorders (e.g., 

^o/ RO-225 1996;Romagnametal.,rAiei«i/i« 
Immunopathol. 80.22>, ivy , 

v.,1 ae 1997- Romangnani, Immunol Today 18:263, June 1997, 
rn Austin/Springer-Verlag, lW/.w^fi 1 

methods to achieve these goals. 

u a f the nresent invention may be applied to any autoimmune 
The teachings and methods of the present inven 

• ^m^iri acute rheumaUc fever, mixed 
Hemolytic anemia, autoimmune thrombocytopemc purpura, 
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•ssential cryoglobulinemia, etc. 



All that is required is that one or 



more of the relevant 



essenum ^ e individual's immune 

, herein Those of ordmary sKiu in u 

system cells as descnbed herein. m following Table 

presents jus. a few exarcp.es of Known autoanugens 
autoimmune diseases: 



Table 



DISORDER 

^toimmune hemolytic anemia 

autoimmune thrombocytopenic 
purpura 

Goodpasture's syndrome 

peinplugusvulga^ 
a cute rheumatic fever_ 
mbcedes^enti^^ 
systemic lupus erythematosus 



insmin-depei^ 



AUTOANTIGEN 
Rh blood group antigens 

I antigen 

platelet integrin GpHb-lUa 

membranecol^^ 
epidermal cadherin 
cardiac muscle 

DNA 
histones 

snRNP 
scRNP 

pancreatic_P^elU^^ 
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rheum atoid arthritis 
multiple sclerosis 



experimental autoimmune 
encephalomyelitis 



synovial joint antigen 
myelin basic protein 

proteolipid protein 
myelin oligodendrocyte glycoprotein 
myelin basic protein 

proteolipid protein 
myelin oliffldendrocyte glycoprotein 



10 



15 



^to "vaccinate" a sensitive individual against 
demonstrated* react. Typical!,, attempt ate made to vaccrnat 

.modnlatemdsBresponsemountedinmelndividnal. 

improved system for treating allergic reactions. 

^presentmventionprovidessucHanimpmvedsys.em.mparncmar.meinvenUon 

.mprisesanallergy— ^^^^2^ 
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«. cells in order to limit - V ** ^ 

antigen to one or more immune system cells, paction to the antigen. Furthermore, 

Wtoanaphy.axis.forexamp.ebypromotmgaTh.reacu 

„ in an individual without exposing the inoivia 
and reagents that inhibit a Th2 response in an indiviG 

igen, and therefore without risking in 



antigen, 
individual. 



5 



20 



• , or esentedto*ein^^^ 
contextinwhichanantigenispresentedto 

, • fitted through modulation of the environment in which an 
i n vention,thiscontroliseffectedthrough oftheAPC is influenced in 

so that maturation/activation of the ArC 
f Mv * nAPC encounters antigen, so max m<" 
preferably a pAfU en ^ to exoress a desired array of 

apK aeremnneu — 
^ues.^aesire.cyto.mearreyisselecteoto.asmeresponseoacens 

«. rimer a Thl response or a Th2 response. 
APCorpAPCpresen.ant.genawayftome.meraThl 

*ni na.lv (heenvhonmentinwhichanantrgen-loadenAPCorpAf 
MtemaUvelyoradomonaliy.meen by ^ ^ army of cytokines 

i nfT cells may be modulated (e.g., 
eucountersapopnlatronofTcells ^^point 

p^ceahymeAPCorpAPO.somarmeTh.maaects.o 

i ^ «apc encounters the T helper ceii, 
• .nd/ormeenvironmentinwhichtheantigen-loadedpAPCenco 

antigen, and/or the enviru different 

• .hers such modulation occurs ex vivo. Each of these din 
is modulated in vivo; in others, such moa 
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, tpr/antizen and/or pAPCfl cell encounter in vivo 

— — tt 

I, will be appreciated (hat the pre*-, disc«sston apphes pAP 

«— <~ — :r 

..,>„ «<=! The discussion also applies to coue 
component, pollen, etc.). Tb ^ ulate d simultaneously. Moreover, A. 

pI esentedtou,eind, . na „ natural .. fom in *a. no human intervention was 

— ^^^^^r.^^theenvhonmenthtwhichitenco^ 
^vedhtpreparinsmeanti.enormdnc.ns.t.oenter fc 

«^.».^«'■-■ - ' , * ,, ""■■■'^ ,,,,1 

^enproductioneitherin «r a host cell) from which expressed anti g en can be 

20 forgenentingnuclei cacidsinc, U din g 

^ivirinal Techniques tor generaiuig i 

^ 
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He uene will be produced, are well e*ab.ished in the art 
(see, for example, incorporated herein by 

4. amino acid sequence of polypeptide or pro.cn antrgens, by 

^on ^.^^erared.forexample.bypro^cc.eavase 
Where the antigen is a peptide, it mayo g 

t o mav be utilized including, but not 
• a„v of a variety of cleavage agents may be utm 
ofisolatedproteins-Anyofavanty ^ etc Alternatively, peptides may be 

chemically ayrrmesaed, preferably o , d « pierce Chemical Co., 

to Stewart e. a!., Solid Phase Peptide SyntHes,s, 2d. Ed., Pterc 

(see, for example, Stewart et ar , , mmov ed to create a nucleic 

„ 1.M Also recombinant techniques may be employed to 

198 4;seealsoExample 2 ). Also, ^ desired conditions (e.g., 

acidencodmgmepeptideofin.erest.androexpressmatpept, 

fr^m which it can readily be punnea;. 
ioaHosteelloranMv^expressionsystemnomwmch, 

wed in accordance with the present inventton may be naturat 
^genempmyedtnace .^^^y 
occuningcompoundormaya.temanve.yhaveasnrt roodified 

u ^Wnts of the invention, the antigen is a n 
occurring compound. In certam embodiments of th 
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„ has a structure that is subs— idenucal to Una, of a nauually- 

antigen-inthattheanugsnhasastru 

^uMugco^ ^^^.^au^a 

aeieuouw QT , t : opn bv the addition, 

,;a in the naturally-occurring antigen oy mc * 

substimtion.orddeuonofcneormorechenu toneregi o n ofaUeas.5 

j . r» A 0 „ + : apns chare at least one region ui at 

«~ — — -r ~ — — ■-- 

protein or polypeptide antig rf ^ ^ 

5minoaci d, o^. — — — — < *' 

. tn Proteins" and filed on February 10, 1999 

(N ^^-«'---• 1<,fc4,-,, * ,-, ^ 

^ ExnressMailNo. EM55653983US 
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^c.ionthandotheirnaturallyK.ccumngcounterparts. 

n T cells G e "Thl stimulating cytokines") include IL-12, IL-2, 1- 
cell, induce a Thl response in T cells (i.e., im 

, ^ w tfMv etc • Th2 stimulating cytokines include 1L-4. 

18 IL-1P or fragments thereof, lFNa, and/or IFNY, etc., 

• «f Thl stimulating cytokines include factors such as 
mducingagentsthatprompttheexpressionofThl stimulating yt 

• r«r T motifs TNFa, and microbial extracts 
LPS CD40, CD40 ligand, oligonucleoties contaming CpG motifs, TNr 

w tilled Listeria, and modified cholera toxm, 
such as preparations of Staphylococcus aureus, heat killed!**"*, 

• n fTh? simulating cytokines include agents that 
etc,bducingagents*atp^^ * 

• hv Tcellsorothercells,aswellasagentsthatsuppressIL.12expres S ion 

induce IL-4 expression by T cells or oxner , 



by pAPC. 
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* „« nmferably at least about 99% pvK.AlternaJ.vely, 
preferably at least about 95% pure, and most preferably 

. whtained for administration to the individual, 
whicbexpressedeytokineorinduemgagenteanbeobtamedfor 

^«-*--•-- ^,4, *7■ ,,,, 

l^bomampmvfded.Pore.ampie.geuesforbommaybepmvidedaspartofu.e^ 
^^facrorsame.pmssed^masin.egene.asal.ionpmtem.wmebmee^eor 
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cooruuia Insuchcases.it 
■ employed is aheterodimeric compound (e.g., D. i2>- 

ag enls,orantigensbe,ngemploy 

-p-**--*-^- — "^".l ewithoMO ,both 
^cou.o.o^esame^eUme.s.A.so.^onsmayoemade^ 

dimmer components. t , Hn Ae art mat me inventive administration 

^Ubeappreciatedbydroseofordrnarys.rrnmdreartm 

ontionally be combined with the administratron of any other 
n f cvtokine and/or antigen may optionally oe 

t n.modulatoryfac.orsuchas.fore.ampie.anadiuvan.orodier 

desired immune system modulatory 

a Hundredsofdifferentadjuvantsareknownintheartan 

^unomodulatorycompound. Hundreds ^ ^ ^ 

.eemployedmmeptacticeofmepresentmvenuon. 

• Ki»1 extracts such as fixed ajH*««— * 
IL . 1 2production,includingm.crob.alex1rac K su 

, Mta^taOftai tuberculosis, lipopolysacchande (LPS), 
Streptococcal preparattons, Mycobacteria 

i„™,„ omnia leishmania major, etc. 



uptake and presentation by the pAPC in 
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rri-i-.-------- 

vii in the art will appreciate that the principles of the present 
Thoseofordinaryskillintheartwiii PP ,: lv ; nees t 

u- t „«„fnAPCs Macrophages readily ingest 

• eeotorsAatreco^microbialcomponen^.Ingest.onofa 
nucroorgamsmsvra receptors .hat re got ,,„ fc0 sttadatory factors, by 

tunic, class H molecules, and of co-sumuiaiu , 
^morgamsmmducesexpressron ofMHC 

v . Wrtive antigen presentation by macrophages may run 
.emactophage.sotirateffective.tig ^ ^ ^n, expressots of 

IL-12 and therefore are particularly useful ^ass H molecules and co-stimulatory factors 

. P c R cells are induced to express MHC class 11 m 
macrophages, B cells arc i „ m duce IL-12 and 

♦■«*. B cells however, are notknownto produce 1L 
.hentheytalreupandprocessantrgen^ ^ toth e 

therefore may notbe able to induce a Thl response. 

toau ctionofaTh2response. d &r ^ ^ pAPC in accordance with the present 

Dendritic cells are particularly preferred for use as P Af 

• rzedoAPCsfoutrdinsmallnumbersinvarioustrssues 

,3 co-stimulatory molecules, and are though, to be essentr 
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, Q . 10 ,997) When such precursor cells become 
r^Ptal Curr. Op. Immunol. 9. 
review, see Cela et ai., ^"rr. vs y 

, o solves migration .0 the vicinity of lymphatic organs (e.g., lymph nodes, 

™- — — — - t 
r:r — r^r 

- a ^ nrocessins capabilities but low abihty to 
m are characterized by snong antigen capture and processmg P 

activate or stimulate T cells. 

^ticc.Usn.ybema^,-^^^--^^ 85 

^ n. 12 and the other induces 1M expression m T cells, 
dendritic cells, since one type secretes IL-1 2 ana me 

j Critic cells or dendritic cell precursors are 
I„ preferred embodiments of me invenfon, dendnbc cells 
— — — .prererab.ybutno.nece^.y.e — .beb^in 

accorda nce wimmepresent— , and are exposed m antigen * v.,. A^etyof 
^(s^rexamp.^ceta,.,,,,— 
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, 1 a.oa7 1 994- Engleman et al., WO 95/ 1 53 

O^ttec^-uti.izeddepend.ngon^typ curing 
, onor ocess R^.ess.aUou.entt^quesinoludeas.epof^at 

cells ™«h CD40 ligand, after vtoch step the cells 



in T cells in vivo. 



10 



15 



20 



USi " ViV0 ' „ h o.v.emaybeconflrmedusing— techniques such 

-r.rr^— • 

1 urn <»t al Nature Mea. 177U ' 

1998;DeMatoset ,,, S ,,0..6S: TO , 

^ w 4-128-32 1998; Mayorodomo et al., AWw* 
1998 ;Nestleetal.,^reM^ 4.328 32, ^^^.14:551, 

T l 160(3) 1 139-47, 1998; Kundu et al., Aids Res. Hum. 
Tuting et al., J- Immunol 160(3).H^ 
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x anal of these studies has been to 

«— "THI J£~~ ~ 

rr^ rrr- 

♦ +v„. elected antigen (or antigens;, 

— — ..J.^.-*.— 

helper T cell population, so as to alter the natur 

according to any known induced to produce the antigen themselves, for 

alternatively or additionally, the pAPCs may 

^emmugtiti^ectionv.manucleicacideneodingaprotemant.ge.ormdue 

examplemrough or an enzyme responsible for producing the antigen, 

endogenous gene encoding the anfgen or an enzyme 



an.igen.sothatthepAPCsar „ nce of antigen for a period of time, 

, 0 emhodimen^pAPCsateexpandedinv^mmepresenceo » 

i uc Pt al Nature Med. 2.52, ^ 
^ngto^techninuesCsee.fore.amp.e.Hueta, * ^ 

al .,^ We ^:Ua2,.996 ; O k ada e tal.,M.C^78,96,.99S, 
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u A 4-328-32 1998; Mayorodomo et al., Nature Med 
n , 68-79 1998; Nestle et al., Nature Med. 4.328 32, 

, ,««vn»47 1998;Kundue.aMi*fe,// U m. 
,-,297, 1995; Tilting et al., J- Immunol ,60(3).U39-47, 
" ■ ,4-551 ,998;eaehofwhich i s i neo^ra t edhe re inbyrefere n ce). 

, - xhi rP^onses than Th2 responses. 
Concune.fiyvnm.exposuratoanhgen.fire.sol* ttheantigen i„ 

ln Asabove a.yfbrmurafi onof^eoH^ag—^^ 
fatten. Asabov, , ^^^^.preparaUon, 
^dingforexample.crudepreparauons.pun P P erelevant 

„.,.„ naUv a,. pAPCs themselves may be mdueed to express tn 
Alternatively or additionally, the pAr 

„„ either by transfeetion with a nucleic aetd encodmg P 
cvtokines or inducing agents, either oytr Th^of 

, ene or aetivation of an endogenous eopy of such a gene. Tnose 
cytokine or inducing agent gene, or activauo 

• „ ,ha. the choice of cytokine or inducing agent to be 
ordinary skill in fine art will apprec.a.e that the choic Jf 

rth dictattd by<hede«ailsoftheexposure. For example, it may be 
employefitvulinpartbedretatefibyth themselv e S a re 
^emb^exposepAPC.omducmgagen.mfi.erfi^ey.okrnes.f. 

nuc.c^eneodec^mmerm.^^ 

^edpAPCsfiiathavebeenindueedtopresen 
.oexpresscer^nselec.edcytokme.aredeliveredtofitesub^Suchce, P 

, rvtokines selected to encourage any helper T cell 
dehvered in combination with one or more cytolones sel 

Express Mail No. H4i565i9S3US 

April 9, 1999 28 
DS1. 475444.1 



♦ t to adopt the appropriate response. Again, any 
formulation of cytokine may be employed, and etther 



may be used. 



5 



As described means 

means may vary depending on tire *™ W 
C ompo S itionsincludmgc e lls(e.g.,pAPC). KMOtheri mmunomodula.o^ 
4 - arv skill in the an wUl also appreeia* mat known adjuvants ot other .mm 

^^(oraspartoOmemventive 

oomponnds may always be employed m ^ ^ 

oompositions-Cenainpatticnlarlyprefetredmeaosofdeltvenngm 

aisoussedinmoredaailhere. 

Where compositions are being delivered P 

.nasmCegbymhalationXoHooa.adntimstiation.ltisonenpreferted 

^ Howeve.anymodeofdelivetytitataooomp.isbesme 

oxposu.ofdetivotedmatenalstotelevantt 
^edpAPCsatebemg^ntiodncodintoanmd^m eve 

, .Cstslympbatiotissoe. ^^^^^^ 

, K^iniected directly into lymphatic tissue ^e.g., iyn f 
~r.\ «.te or may alternatively be injected oire^ y 

Express Mail No. EJ455653983US 

April 9, 1999 29 
DS1. 475444.1 



10 



tones or other convenient tissues. Mucosal 
^cxamp.etiysprayins.ontomucousmemtiranesoro 

tab useful for embodiments of the tnvenfon relatutg 

responses that occur vvitiun such tissues (e.g., 
an.ispref^.tili^forsoluh.ecomponenMe^orfor^ 

encapsulationcar-provdeavaneryot ^ 

rvtokine or an inducing agent prior to deliven » 

• o.hatmepAPCencounrermeantigenandmecto.tinCogetite, 

^ . rLtsofthe— , tite encapsulated compositions include one or 
^.ferredemhodtmentsof ^ ^ ^ 

more ofantigen(s,,cv t ohine(s),inducm g agen t (s),andg 

t „.=iW« to include one or more pATCin me v 
; orm ducingagen«.l.mayevenbeposs,bletomc 

composition, if desired. . dv ^ geofstabilizing components protected vdthin 

Encapsmationc^alsoprovmetheadvantag 

„ ■ F orexample,.omeexten.ma.oneormoreelemen K ofme 

JlUsehed^^-^proce.itma,, 
.capsulatedcompositionconldomen,, FuIthermore , 

p^cularlywheremecompositionhemgdehvered eantigenwiU 
.sensitivemdividual.encapsu.ationmayhe.pmimnu.emenshmatep 
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J (M „^^s. Mso.totheextentthat 
increased flexibility of formulation .s prov.0 

nnmnne system. cvt0K ines or inducing agents) 

Toth eexten.fltateneaps«,atedma,enals(e.g.,ant lg ens,cyt 

■ v- a, leas, when distributed systemieally.encapsnlanon may 
may naveundesirab.e t ox 1 emes,a,leas,w ^ 

provi defl,eaddiUona,advau.geoflimi«ngexposureoffltemd,v 

«dbelow,maybeem pl oyed. ^ practi eo of the present 

^avaflableeneapsuladonmeansmaybeemploy 

, ■ as ft) me encapsulated compounds retain a suffice* level of m 
, invctionsoiongasOmeen ^ md ft. encapsulation 

acuvi^beeffectiveinaecnrdancewtmmepresentm 

— — — ^ Illcsecfor 

^WO^minco^ratedhereinbyreference, 

^erornotflteinventivecompositionsareencapsulatedwhenflty 

• ^desimMe.oassociatememwima^etingagentmat.tUensure 
,„ viv „ or in virro, rt may be desnable 

,eirde,ive, to a P artieu,ardeshed,ocation.Porexamp,e,anan t ,genandc, 
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, • tw includes a targeting entity that facilitates 
. the nAPC to take up the antigen and display it in 

^etedtodendnttc ^ Compounds or compost*** 

^.^.oo^pAP^aassocaUon^ansand 

An alternative targeung strategy, that 

™.i„te the composition with an Ig molecule, or p 
non.ncapsula.edcomp.sition.tstoa.socatemeco 

^ fWnolvoeptide chains, two identical neavy 
hereof. Igmo.eculesarecomprtsedoffourpo.ypep ^ . 

andtwoi^^^Bachehaht — 

Cain, and theY stem .formed by m ^ 
another. Tte heavy chain constant regions determtne the Cass 

EapMaKMNo-HjaSSHHiS 
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f . a variety of different cell types and are particularly 
: ; lis According to the present invention, inventive compositions, and 

. tions ^betarge.dfotdelivery.opAPCsthreugh 

—* — : ^r. - 

^ationv^an.gconstant — Ino ^ 

a*-. h —— ** ^ Alsoitisnotrequi redtnatti,e 

^constant 

domaini sufficient. Thus, fc tragi 

pra cticeofthepresentinvention. eotide or pro tein antigen is prepared as a 

wiment of the invention, a polypeptide or proi 
In one embodiment ottne ^th an Fc fragment), so 

by the binding requirements ofthelg van molecu le are separated 

^ ^ Fc oortion of the fusion molecule arc v 

Ex pressMai^o.Em5653983yS 
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with papain), chemical synthesis, etc. 

IntherapeuticappUcations, 

f ,.„ „ rpc . pn t invention are administerea 10 a r 
will fall within a broad range for the initial 

initial immunization). n - ,d alone or in combination with other 

Po^ple.inventiveeomposition.maybeutiUzeaa.one.or. 

. ^tizeindividualstoantigenstowhichflteyereallergio. Insuch 
available— ts, to desensitize indiv, ^ ^ ^ ^ 

instances, it may be desiraoiexod , ^ 

. hooster immunizations may be delivered after 2 weeks 
- +rt the antieen. For example, booster ivammu 

— — — -— — 
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10 



15 



a «p range or administration, (whether 
«tmn Anv variation in dose range or <uu 

aoseunderparticularci— . Of coorse,anyth 

• tio „ is acceptable according to the present mventron. 
inventive composrtion is accepu. 

.^.Haranycfawidevanetvofassaysmay 
^seofordinarysHUrnUneanwinapprecrate^an, 

, .heeffectsofinventivetreannentsdescnbedherern.Fore 
beemployed.ornonrtortireeffec.so fed oAPCs t0 present antigen as 

• w to assay the ability ofinvitro-promulgatedpAPCs top 
.naybedesrtable.oassay.ne ry prioIt0 (or, in certain cases, 

—dbensedasteststoan^ ^^s. 
dendritic cells, and/or their appropnateness 



Examples 

Example 1 

jsCationofdendriticceUsftomperipheralblood 
^.rnseinaccordance^toepresenr — tiorn.riphera.b.ood. 
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- • xftfino et al , U Immunol, 
~A fnrm PBMC as described in Tuting et ai., ^ 
BendHbcceusareprepa^ronnPB pBMC ^ isoW ed from 

e,ectrophore Tdtnika ^m^M*--*^— 

0.077 g/ml'.LSM.Organon-Tetoka.Durh rsithersburg MD)to 

^fo.orflvewashesinHBSS^feTechndo^Oa,^, 

**" . datl0 «in/UM-V — (^Technologies)^ 

U/ml rGM-CSt ana i w ^ , nlnev the 

in this way are 50 to 80% pure based on morphology an 

Z^T:— >— — — - 

(>95%) by density gradient centrifugation. 



5 



Example 2 
Pulsingdendrinc cells with antigen 

„ , that may be used to load isolated dendritie eells 
Xhis Example describes one procedure mat may 

, u~a in Fvamole 1) with an antigen. 
^..ceuspreparedasdescnbedmExamp ^ otmethod , Porexanrple, 

OendriticceHscanbepmsedwimantigenbyanyofavanery 

,„ so 100 ug/ml of peptide, protein, or lysate, a g 
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,wnr,ptal Nature Med, 1:1297, 
. M fqee for example, Mayordomo et ai., 
3 7 . cfoiafe whouraorove m gh.(see,m ^^whichis 

1995);0k ada et a 1 .,^^atose,a 1 ., S up™,T U t U , g 
incorporated herein by reference. 

Example 2a 

■ „ ^cceUsubpopuiaUonsspecificforTTrlor^acUvation 

^censara-ren 

. „ ver a MACS* column (MUteny. Btotec). CU» 
expressionbytwopassagesoveraMA , to ^ D „c, followed by positive 

^ overaMAC,^*— fc 
dCDSasub-populationsbyFACS'sortmg.Bnefly.cells 
, cD8a andCDSa su dN418 .d biotin-coniugated anb-CDS« 

^ncandCDSa^sronrrsmgHI^ ncharacteristi c 

^andsideUgbt^and^opoptdaUons^Ue 
PArSVantage" machine (Becton Dickinson). 
20 These sorted, antigen pui^ 

ind uce either aThlo r aTh2 response, as desired. 
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Example 3 
Particle-mediated gene transfer to DC 

„ , ta tocellsprepareoasdescrib«dinExamplel). 

f ence Plasmid DN A encoding peptide, protein anugemc fragment, o y. 
refaenCeP . dKof2 ..ofDNA/mg of particles as 

(Si gmaChem I calCo.,S,.U>u,s, res uspended in dry ethanol 

, j * ethanol to remove H 2 U, resuspwu 
CaCl,Particlesarewashedmd I ye.hanol ^ 

, 0 075 mg/ml of polyvinyl pynoudone (Sigma Chcmca! Co.), an 
C ° nBI,Unga0 " . The tubing is en, into 0.5-in. segments, 

^ersnrfaceofTefzelmbingus.ngatubeloader. 

t n s ma of sold coated with 1/ig of plasmid DNA/tran 

• j j hv Auragen/Geniva (Middletown, WI)- 
may be provided by Auragen/ 

• .^ndritic cells are transfected in suspension m six well p 
Monocyte-denveddendnticcells in 20 

dendritic cells can be transfected, 
Clontech, Palo Alto, C A) as a reporter gene. 
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Example 4 
Injection of primed dendritic cells 

Examples, may be administered to individuals. 

P^dend.tieee^^.m.^and^tedi.oa— ed 

^o.m.WeUveteda.ee^me^de^a.me^, 



mom 



ltWy intervals by the same methods as desoribed above. 



Example 5 



to determine 



Assays for cell response 

^^^^^^^^ 

APC-presented (including pAF^- 



wh emerTceHshave responded asexpeeted after exposure 
presented) antigen. 



EUSAfor expression „f antigen** cytokines te<i PBMCs are 

^^ymeasnreseyto.inesecretionbyprimedee,, One million isolated PBMCs 

^a t ed^asp.mc«)(e.,^-.--»^ 1 ^• mdCOn,r0, 
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w assav (ELISA; Endogen, Wobum, MA), 
enzyme-lined immunosorbent assay ^ > 

rf • the ELISA can be found in Sambrook et al., supra or Ausubel 
Procedures for performmg the ELISA can 



Flow cytometry supplemented with 

nr «r T cell resnonders are washed in HBais suppici 
Forimmunophenotymg,DCorTcellrespon 

— — — — "*^rT 

ate cytoplasmic): anti-IL-12 Dr. M. Gately (Hoffman LaRoche, Nutley, NJ), anti-lFN-Y, *^^" 

- FITC.conjugatedanti-CD86(PharMingen, San Diego, CA), 
anti-CD80 (Ancell, Bayport, MN), FITC conjuga 

„ t - C D40(PharMingen),PE«on^ 
FITC-conjugated anti -CD40 (PharMing 

. . . . PF coniugated anti-CD8 (Becton Dickinson), FDC 
conjugated anti-CD4 (Becton Dickinson), PE-conjugat 

♦ ^ ,nti PD16 (Becton Dickinson), and 
conjugated aoti-CDH (Becton Dickinson), PE-conjugated anU-CD,6 <B 

isotyP e-ntatc h ed -- — *^ Sot.ce session .s an.y, 
on 5,000 to 10,000 viable cells (Tuting et al., supra). 
Lymphocyte proliferative assay 
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Lym phocyte prc.ifera.ion assays are performed as described by Va,entine e, al. (J. Infec, 
Dis ,73:1336, .996). Penphera, b.ood mononuc.ear ce.,s are s.imula.ed with antigen. Mean 
[3H] thymidine ineorporation is determined and the resuKs are expressed as a stinrrdatio, index 
(SI ) over a no antigen or irrelevant antigen eon.ro. (see a>so, Rondo e. a.., supra). 

Delayed hypersensitivity tests 

Mayed hypersensitivity tesK (DHT) are performed .o assess responses .o allergenic 

tadumtion after 48 hr. An induration 5 mm or more in diameter is in.erpre.ed as a posmve 

Example 6 

Deletion of in vivo T eel. response indueed by auministtation of inventive dendritic cell 

composition 

The presen. Example describes me adnunistration of an inventive dendritic ceU 

appropriate T cell response in mat individual. 

Dendritic ceUs are isolated and exposed to antigen in Wrro as described in Examp.es . 
mi 2 TneseeeUsaremeninJec.edin.oamouseasdescribedinExamp.e4. Tcel.sa.men 
isolat edftomthemouse and assayed iB v iff0 for meitabUi^to respond, antigen present by 

i JVotse that the T cells were primed in vivo by exposure to 
an APC. Such an ability to respond indicates that the 1 cells wer p 

the inventive dendritic cell composition. 

Express Mail No. F.T4S5653983US 

April 9, 1999 41 
DS 1.475444.1 



Furthermore, the nature of*. T cel. response is determined by assaying for Thl or Th2 
cytokines as described above in Examp.e 5. The nature of the dendritic ceil composition can 



then 



optionally be adjusted to achieve optima. T ce.l activation and desued cytokine secretion. 



Example 7 

Suppression of existing Th2 response by administmtion of inventive compositions 
The present Example describes admirustiation of an inventive dendritic cel. composition 
t0 an individual who has previously mounted a Th2 response particular antigen, in order to 
shift that individual's response to that antigen toward a Thl response. 

Dendritic ce..s are isolated and exposed to antigen in Wtro as described in Examp.es 1 
and 2. These cells are men injected into a subject as described in Examp.e 4, the subject having 
been selected on the basis of having previously mounted aTh2 response to the antigen (e.g., on 
tbe basis of being allergic to me antigen). T cel.s are then iso.ated from the subject, and are 
assayed to detect Thl cells primed against the antigen. 

If the subject to whom the dendritic cel. composition is to be administered is a non- 
bunran animal and is no, known to have mounted a prior Th2 response against the antigen, any 
one of a variety of known protocols may be employed to generate a Th2 response in mat animal. 
For examp.e, in a murine asmma model, inhaled antigen can generate an ongoing Th2 response. 
The animal can men be injected with dendritic cells primed with antigen used to induce the 
asUuna. The animal can be monitored for decreases in lung inflammatory responses associated 
with a Th2 response and decreases in secreted IW and 0,5 from CD4' T cells in the lung, 
bmchoalveolar .avage fluid or dmining lymph node. T .ymphocy.es are subsequently removed 
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from the animal and cultured with antigen presenting cells and a dose range of antigen. Changes 
in cytokine production by T cells after dendritic cell injections compared to controls are 
determined. Certain experimental details will of course be apparent to the skilled artisan 
including the realization that these methods may be modified to test the antigenicity of any other 
antigen or allergen (see also Adorini et al., Nature 334:623, 1988). 

Example 8 

In vitro assays for determining the nature of a T cell response 
The present Example describes a collection of assays that could be used to determine the 
nature of a T cell response mounted after administration of an inventive composition. As 
mentioned above, expression of cytokines representing a Thl immune response, for example 
IFN-y and cytokines representing a Th2 response, for example, IL-4 and IL-5, can be assessed in 
cell culture supernatant by ELISA using antibodies specific to the particular cytokines of interest 
(see Example 5). Dendritic cells transfected with expression vectors encoding any combination 
of IL-12, IFN-a, or IFN-y typically produce 40 to 200 pg of IL-12 (see Example 5). 

Example 9 

Use of control allergen to monitor induction of appropriate T cell response 
Allergic reactions to particular allergens cannot always be detected in humans. 
Accordingly, the present invention provides a test that utilizes a control allergen, known to 
evoke a detectable response, as a proxy for the antigen of interest. 



April 9, 1999 
DS1. 475444.1 



43 



Express Mail No. FMSSfiSSggSUS 



In general, the known antigen keyhole limpet hemocyanin (KLH), which is often 
included in conventional allergy vaccinations as a helper immnnogen to recruit CD4* helper T 
cells, is exposed to pAPCs in v/rro, in parallel with a test antigen. Exposed pAPCs are men 
administered * an individual and a T cell proliferation assay, as described above, is utilized to 
assess the ability of the pAPCs to stimulate T cell proliferation in vivo (see Example 5). A 
positive response to KLH and resulting T ceH proliferation indicates mat me pAPCs are active 
and are appropriately presenting antigen in vivo to T cel.s. Of course one of ordinary skill in the 
art will recognize mat any antigen other than KLH may be used in mis assay as long as mere is a 
record of safety. It will be obvious to one skilled in the art that these teas may be carried out in 

an animal model as well. 

Similarly, the success of the inventive protocols can be assessed in vitro by isolating 
PMBC from individuals who have received inventive pAPCs and control individuals who have 
not, and assaying for the production of allergen or KLH induced cytokines by ELIS A or flow 
cytometry (see Example 5). A Thl response can be identified by production of high levels of 
IFN-y but little to no IL-4/IL-5. A Th2 response can be identified by production of high levels of 
EL-4 and IL-5 and little IFN-y. 

Example 10 
Assaying response to antigen in vivo 
In vivo response to antigen may be assessed by the either the skin prick test or the 
delayed hypersensitivity test (DHT) (see Example 5). Both the skin prick test and the DHT are 
.neasures of in vivo response to antigen which targe, the skin. The skin prick test measures the 
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release of histamine and other mediators that rapidly produce a wheel and erythema upon 
intradermal challenge. An allergic reaction to a skin prick test is immediate (approximated 20 
minutes). IgE antibodies, (specific to the particular antigen administered by the skin prick), are 
responsible for this reaction. A decrease in the resulting immune reaction to a skin prick test 
would indicate a desensitization to the alleged antigen. 

The DHT response is an indication of the in vivo Thl type response and thus takes days 
to produce a visible immune reaction. A positive response to a DHT would be accompanied by 
release of IFN-y and other Thl-related cytokines, and would indicate that a Thl type immune 
system has been elicited. In allergic individuals it is proposed that the introduction of a strong 
Thl response (as indicated by positive DHT test) will inhibit Th2 induced IgE (as indicated in 
skin prick test). Alternatively, a reduction in the allergic response would indicate successful 
desensitization of the individual to the specific allergen. 

As discussed above, various embodiments of the present invention are particularly useful 
for their ability to "vaccinate" an individual against an antigen to which that person otherwise is 
or might be allergic. Successful vaccination can be determined by the presence of an allergen- 
specific DHT test or skin prick test (if it is deemed safe to administer such a test to an allergic 
individual). 

For example, if, as discussed above in Example 9, KLH is administered simultaneously 
with the allergen to pAPCs in vitro, a KLH-specific DHT would indicate successful vaccination. 
If KLH was not coadministered with the test antigen an antigen-specific DHT can be 
administered if safe. 
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A reduction in allergen positive skin prick test reaction indicates a modulation of the Th2 
induced IgE response and reduced sensitization of the individual to the allergen. The absence of 
a prick test positive immune response would indicate successful desensitization to the specific 
allergen. Alternatively, a reduction in levels of allergen specific IgE would indicate a successful 
desensitization to the specific allergen in the allergic individual. Successful vaccination can be 
determined by measuring serum total or allergen - specific IgE over time. 

Patients may also be monitored for successful desensitization to antigen by comparing 
data between control and test subjects regarding recurrence of severe allergic symptoms over 
time or exposure the allergenic substance. Standard statistical analysis are well known in the art 
and can be found in any college statistical textbook. For example, Student's Mest may be used 
to evaluate the significance of differences between experimental groups. A P-value of <0.05 is 
considered significant. A significant decrease in recurrence of severe allergic reactions in 
individuals administered dendritic cell vaccinations would indicate that the vaccinations are 
successful in desensitizing allergic individuals to a particular allergen or group of allergens. 

Other Embodiments 

Those of ordinary skill in the art will readily appreciate that the foregoing represents 
merely certain preferred embodiments of the present invention. A wide variety of modifications 
and alterations may be made without departing from the spirit or scope of the present invention, 
as set forth in the following claims. 
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We claim: 
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